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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the control 
of important dimensions by depositing a multilayer 
ARC laminate layer which combines the absorption 
and diminishing interference modes together. 
SOLUTION: An antireflective coat(ARC) layer 130 is 
formed on a substrate 1 1 0. This layer is a multilayer 
ARC layer composed of a first and second ARC 
layers 135, 140. The second ARC layer 140 is 
deposited on the first ARC layer 135 which is 
deposited on the substrate 1 10. A resist 170 is 
formed on the second ARC layer wherein the first 
ARC layer operates in the absorption mode and the 
second ARC layer operates in the diminishing 
interference mode, the refractive index of the second 
ARC layer is selected so as to minimize the reflection 
on the resist, the first ARC layer 1 35 has an adequate 
extinction coefficient k and wall thickness for 
absorbing lights and the coefficient k is about 0.2 or 
more, pref. 0.5 or more. 
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5 l-ffi«O^jfe 0 

[ffi#i£2 7] !2ARCS(7)IWnx= (n 
x-i hr) >/ 2 (nx ^S2ARC®(OJS^O^ 

nx-i 1112 ARCiTiWl^HM, 
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^S^Li^J^S**^** MHEMcj: oT3l £ 
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flARCll 3 5 0>±tCfl2/&$ix5o ilARCll 
3 5fiStel 1 0<75±lC^fi£$n6o S2ARC@W± 
ICU'^M 7 0^$H6 o ARCiOlOliM 

fHXCDW^t6 e 1»TU SlARC 
■ ttRtt^e-K-CWflsU »2ARCJlttWfttt :: F** 

[00 2 1 ] ^2 ARCStO@tff45JiU^^ Mw*5tf5 

s^^*c6«t ^fcii^^n^o mistt-ott. js«* 

5. MCfctt6Rat<0$t'>f*, f 2ARCKO± 

Lfttia* hiz&rtz>&m*'Vviz*z >9 sit* 20 
<D&m<Dmz&'j>i£ ttitm'Nz-r * z tizzy 

(00 2 2] 1 SlAR C@li®lR^~ K 

l ARC«tt*«r«Jfci-saiS/j:iHa« 
& (k) #.fctrtMSW»e>J«S. lH«S«-ei±, ARCIS 
faO. 2«±*>k % #£L<f*0. J: 9 £jF£ U 

Oil. 0^±(Ok^e>^6 o »i]<o*1WB"C«:, ARC 
ttl. 5WJbtf>k*»<b/$* 0 

[0 0 2 3] ^1 ARCJB^^Ji, i^kioi:^ 
SlCO#, ^^^(C^^tt^O^$t^|cta<t 5fc 30 
miRZtlZ. HttHlC* *»f4«5-l SOnm-Cfc 

[0 0 2 4] lMMim *lARCitt(MSl*-K 

■eiftf^-r6^ARc^b^c5 0 <s«&ARCttsimAR 

C (DARC) ^&JA5« DARCtt, IttZ.&fV* 

-K-C»^-5«^(0«|«tttltR#f*t^e>*5. ISM 
ffi-Ctt. DARCIi^y 3^i/Ifk^b^5o ^ 40 

R«*t* A R C Z&Lm-t 5 d <b fcf&l A R C JS 

*>J»*WM1"C*>6. S^C, lillARCK^ 

V*»l ARCJiO^A5^tC^60-C^J-Cfe-5 0 
[0 0 2 5] S&1 ARCill ffc*2|*ft (CVD) * 



[0026] g2ARCll40liilARC®1 35 
(Oll:I«$H6o *«MW3IJS«-C«:, ^2 ARC© 

[0 0 2 7] l/^ htt»2 ARCJSO±(CJfcrifc$ix 

ARCt-ry/Dt^iVS^xy^y^xyf 
5o EISiWKtt, u^m©Wfi«o. 2~i On 
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£CSo »1 ARCHtt»l|5t*-Krffi&f^-r5<0-C. a 

i©Lfc»#i 9 4<r>-T'<x*izfrnn$)iz-r'<x<oyt& 

©ifc£ix*o 3fecoSB# 1 9 4 <*> 9 I 9 6 

tt^lARCll 3 5 tm&l 1 0 tCORmi 1 2Xfc 

it saves 1 ARcm\z.£^xyktiL$tit> 0 

[0044J 9 2f^2 ARCl^giLt 

±#fc»»"ra. KMf^K-Cl^t6l2AR 

1 9 2l*#fil 3 2<Sriii§LTl^^ h/grtlC^T*, 
[0 0 4 5] *BW»i3MS«fc»oril^*ixfcB2 
ARC®^JStff^wigHLr, #©£i§iSLT i/^ h 
■rtH5*"f*»»i 9 2 03MEtt:RltS4xfc»»l 8 6 
©Mtf|£«Hr»Lfr\ $2ARCi^^^^Cl^ 

t5:H:ioT, Ktt*iLfcft£i' 8 6*5*1*1 9 2 
ttttftttlcB*U »SlciH**fctt*«ttfc»*L* 

[oo46] XKmcwKommmzmttiiL ^iarc 

flllll 30IJ^lARCii:l2ARCil 3 5*3<fct/ 
l 4 0 0 , ^fuetURift*— K*J <fcr/«lft:6«j^F 

K-cifcfM-a. 

[0 0 4 7] ^1 ARCjgf*ai&Mr-- K~ClbfM-60 
-C, B*t l 3fe^^5>^iR^6k^J:t/^/l»:SrWrSo 1 
ARCIiO. 2tA±, »^L<«0. 5 4^1 
Jl* $€>lC#*L<fil. OWJiCOk^^fiJc^o »J^>H 
Jtffi-Cfl, ARCI41. 5 4U±<Dk-C**$it6. ^1 
ARCloWfi, ^r^k*3<i:t/3fea<co#)t$:^ 

[004 8] 1 MfclB-CMt, I1AR C® K 
-C»mi-6««ARC^fe*6. ^«ARCJi v ^<h^L 
tfMWSARC (DARC) *>e>fi)t6o 1 HJ£®-ert, 
DARCfi^i; 3^*->ftfk*^e>fiK*. ffi5-<n®yt 



(7) 



^2 0 0 0-1 9 5 7 9 1 



11 



12 



10 



±ttftb&mx*>z 0 

[0 0 4 9] %mtLX. ^lARCitt:W«lARC^ 
fcftS. *f«&S&l ARCifll. »tL<liS2ARCi 

[0 0 5 0] ^lARClfi^If& (CVD) % 

[0 0 5 1 ] US?* h 1 7 0<DTJST\ ^oflARC 
B 1 3 5 <0±I8<Dm 2ARC1140 ttWMM 1 **— 
lUiffitll ^2ARCi^iAR 
Cj&»€>j*S 0 S h i p 1 e y*fc**6<DBARL/££1I* 

0>WH*»«rtt a r c tm 2 a r csoMictffl-efc 

So WftARCJltt, ^^t^a-f^^© 
iI#0^teK<toT^$;h,S 0 »2ARCliU 
W«l A R C «r»fl-r £ £ ic «fc »? us** h ^^grol^^&ti 

[0 0 5 2] l2ARC®li^(OTtffiW#®l 1 6 
^f>ir±^®-e(0|^©l 3 2^e>irOSW^^rM^-r 

[005 3] n#£Tjtj*jJ§^^er>3l2 ARCfOA 4 7> 

*t<ri, ^2 ARcJSfi^-w±^®*5j:t/T^ffi-ew 
«t, maARc^i^ii^^s^R^^^ur, 

[0 0 5 4] fJ2 ARC®(0±^ffi^>J:t^T^3a L CO^ 
®«r^^-f6S^«^l^«tO«®2ARC®^ 

xb±<ommmz&&-tz> 0 zco^n^h. arc®** 

R 170 = (r i7o + r uo 
Riao - (r uo + r 135 
exp (i 2 k no 
r 135 = (r 135 ) e x p ( i 

k = 2 n x\/k 

it*, n \**ti?tu»®<Dmmm*r®, i\*&ftm<n& so 



30 



40 



[0 0 5 5] &2|5#JlC v »lj3*t«K2 ARCMSf 

^siar cm (Dmmt arc <ds^^ xm&*- 
h'zmmizLxmvitstiZo ttt^ si arc 

Hx^e- K-etbf^i-5o Si ARC@^ARCd>bfi)t 

k7)5?tl>ARC@0^ffi$:^^6fc*!)fCttS*L 

ii#k#^i ARcmnmjgi^?* — 

*<DT\ kOil^HM^tCnSr^-rio tfilARC 
(cgaurii, n*5j:t/kliW«lARC(OM^O^Ilfc:o 

A R c tl^ u t^ffl 

r C7>»e>^6^ 2 a r cm&mm-r * z t \z t> - <z>mm 

ilJfclcfcS, ntew^* h^ffiSlc*'? l. 

4~2. 0<Df£ffl(Ci-^r t7)5-e#^ 0 
[00 5 6] I^gli3j:rj{l2ARClil/^ h 

xoizmnznzo mmmvi*. I2arci©w 

li!2ARC ®<OT^ifc <fc -b^S^Ol*©/)* b 

fr*>e>B&t*&nttmi 8 o° ^ti-rH^ec-rj: 

9t-il&£*L6o l**tt-ett, ^llj:$2ARC@(0 
T^®WM?rMi:t5SOT^, S2ARCSO 

[005 7] R*t^<D&£<Dgj&*«'>-f 5<D-C, i2 A 

RC^JcJ:o-C»jm^ttfc««W^F^w^ Mc*5tt 

[0 0 5 8] S^t)tO^S«:-^^-C^$ix6o 
[ 0 0 5 9] I =R X R * (1) 

±*t\ Rtt4&«£*t, R 

01 (C^Lfc^JSARCftJI-Cfct, gilAifcft 
[0 0 6 0] 



) / (1 + r 170 xr 140 
) / ( 1 + r i 4 o X r 135 

d 1 40 ) 

2 k 139 d 135 ) 

[006 1] 



(2) 

(3) 
(4) 



(5) 



(8) 



ftffl2 0 0 0-195791 



13 

[006 2] 

r = (riK — n ) / ( n x *fn) 

t'#lAR CilW A R Cife itfl/^X hSO®tff^ 

[0 0 6 3] mz&LWl,ti£Hz x S^iii/^Hi: 
I — r i 70 Xri7o* =m t 

140 „ k mo „ ni3 s ^S^t^k i 3 5 <OBtRft"Cfc 
*> 0 If! 2 ARC®<D&mmm*&*<Olfr'&#^'&*>ti 

8 1/6 d wo =0 
^^(8) ^o(C|ft3£-r5w MC*>i* 
6ft/h*fctt-tf p^^bixSo duo £ft?v>T, 
CJIotWasffoftSo 
4 7t R e (n uo ) duo / 
X. + $ i — 6 2 =mn 
±5£*. Re (ni40 ) Ji»2 ARCSOIS^COII 
di4o (ii2ARCi^^J|, * tt@5fc2l|0&. 
* i . *2 tt* (6) * i ttSlAR 

Cig2ARCt<D|B), 02 fiUv?X htf&2 ARC* 

[0068] 3fr&5£ (9) «:i2ARClS^J| (d 
140 ) Vm<t. #5ltiARCOntt-m5^ 

^2ARC©O^J5twB8LTtt, ^Mt&iSiKi-S Z £ 
ri*M£L^ 0 ^fi^ARC*-:/^;/^;*^^ 

[0069] Wduo ftSftft"t-&&* l^^htS 
2ARC*(0#®-COa/hRdt)t^a«: (7) &-fcfo 

[0070] I=Ri70 XRjto* =0 
&1ARC/S, tt<ttl2 ARC©^V>TtV^>tOSig 

*« 

[0071] ±ia<oie^e>^©ARc«JS^uv?^ h 
«H£ & *nr h a r c am £ as -r 6 c t & r-t 5 . 

[0 0 7 2] #1 



14 



= abs(r)exp(i0) (6) 

(1) t**>V>*JX hJ§K*5»*63fe<D&& (I) 

[0 0 6 4] 

n (I) (7) 

10 5o 

[0 0 6 5] 

(8) 

[0066] (8) a»e>&5£aM#e>*t* 0 

[0 0 6 7] 



(m= 1 , 2. -oo) (9) 

^t^mm>'^i/->H v^tro7t e A 
20 R CSISttl 1 *5i: t^i 2 A R CS-CifiJc Lfc„ f& 1 A 

RCSJin^O. 28, k#0. 56^@70nmO 

&HteARca>e>4»K ^ilx^e- K-e»if^Lfc 0 I2A 

RClttn^l. 77, krt«0. 2'4(OiiARC^f> 
flldtLfc, h/ARC^iWRItMi2 AR 

C<D$im<nm&k LTI3 2 iC7^-r o ® 2 frb h/ 
ARCftW-?<Dm'hfctom*m2 ARCjg*M&4 8 n 
m, 1 1 5 nm*5.fcrj*l 8 0 nm<7>^J?-Cfo^ £ # leg 
ctd^JSo r<D<fc5K: v 8* l *5<tt/3R2 AR 
C *cB8i- 5 jg§04 n *> X k * m 2 A R c <nm& t 

nr^aot, ARCSSSr^Slfki-Sr^^-Ct 

[0 0 7 3] ii^ARCir^WtC^^ARCa®* 

— 5/a^«rtfofc. iififOARCttndSl. 7 7. k# 
0. 2 4£>fcJ^9 9 nm©WHARC-CMlfe, AR 
C^@tCli^l^,trjf^2 ARCimt. $1 AR 
CJIttnrt^. 08. k#0. 5 6 0>lW 7 0 n m0>D 
ARC^b«fifc$ftT®lfc*-KtMftfeU ^52 ARC 
40 Ifin^l. 7 7. k#o. 2 4(OW4 5nm©f« 
ARCCMlfco ARCrtSilffc^t^^^ 

(BSG) ±td^^iirfco 
[0 0 7 4] laS-CliARC/Uv 5 ^ H^®lC*JttS£ 

^^^9 0f*@#OARC£ffl^£t^;* h<C*>^5K 
tt^€rBSG^Og|^:<i: LT, 7^y95liARCi 

<i*s 9 o a>p>ii#co a r c n B S GOlWlC J: oX ^ft 

so fce>-*-«>-CM*L<ft|,\ cniC^U. 7-<^9 5(iA 



(9) 



2000-195791 



15 

[021 l/^X l^/A R C M WStt$«ri 2 A R C 
[03] ARC/U^ h#o5lC*>tt$E&ti&£:BSG 



10 



16 

[^OlftW] 

1 i o *NJ|»«>£C 

1 1 6 $52 ARCT^S 

1 3 0 ARC® 

132 SS2ARC±&® 

13 5 llARCg 

14 0 fS2 ARCS 
1 7 0 HJ3 

1 8 0 ftCOH3fc 

182 u-^x h"Cg^$ix65t 

1 8 4 u^x h^lcSi©-*-^* 

1 8 6 !fl2ARC©<D#®-C5Ut£ix*3fc 

190 12 ARCJg£SxSi-£#; 

19 2 ARC©0#®T?5t$*£*L6rt; 

1 9 4 mi A RC/S&&&L-C&® 



[®l] 




/7a 




50 100 

AR3W» (nm) 



*S0 



(10) 



2000-195791 



[03] 





0X8 




O03 




OjCH 


* 




Br 


OjOJ 








0j02 




o.« 




0 



no 
is 



BOO 650 TOO 760 800 850 



(7l)mi§A 399035836 

1730 North First Stre 
e t y San Jose, CA, USA 



a — K 510 T'<— 

(72)S8^# >Y*^ -TV 



* NOTICES * 




jpo and ncipi are not responsible for any 
damages caused by the use of this translation. 



IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to improving control of the important dimension 
(CD) in pattern creation time in a detail more about manufacture of an integrated circuit. 
[0002] 

[Description of the Prior Art] With the configuration of the integrated circuit (IC) of a semi- 
conductor, a feature (features) is created on a substrate. These features are equivalent to 
devices, such as a transistor, a capacitor, and a resistor. And cross coupling of these devices 
is carried out, and a desired electric function is attained. 

[0003] In order to form a device, on a substrate, the repetitive vacuum evaporationo of two or 
more layers is carried out, and a desired pattern is formed. The RISOGURAFU method is used 
for the pattern formation of a device layer (two or more layers are included). This approach is 
projected on the photoresist (resist) layer which formed the light figure from a mask in the 
substrate front face using the source of exposure. Light illuminates a resist layer and makes it 
expose by the desired pattern. The exposure section or the non-exposed area of a resist layer 
is removed by whether a positive resist is used or negative resist is used. A feature is formed 
in the part which is not protected by the resist by etching next at a substrate. 
[0004] The dimension of a feature is influenced by the resolving capacity of a RISOGURAFU 
system. The lower limit (F) of the feature attained by the given generation of a RISOGURAFU 
system is called RISOGURAFU radical principles (GR). The important dimension (CD) with the 
need for control is called the minimum feature dimension. Line breadth, spacing, and contact 
width of face are contained in this. 

[0005] Dispersion in CD arises for change of the light to a resist layer. Control (CD control) of 
dispersion in CD poses an important problem in connection with GR (for example, 0.25 
microns or less than [ it ]) reduced especially dramatically. It is promoted by CD control using 
the antireflection film (ARC) for the bottom of a resist, and decreasing fluctuation of the 
reflection factor to the resist caused by the base layer. 

[0006] ARC is used by one of the two modes of operation, and prevents the reflection factor 
fluctuation to a resist. The 1st mode is absorption and the 2nd mode is reduction-interference. 
[0007] The light which ARC passes is absorbed in absorption mode. By this approach, the 
scattered light is made into min and the exposure which is not desirable as for a resist is 
avoided. ARC needs to have the proper extinction of arc multiplier (k) and the thickness which 
absorb light completely, k and thickness required in order to absorb light completely differ from 
each other depending on the wavelength of the source of exposure. In order to absorb the light 
of the specified quantity completely on given wavelength, such thin ARC is needed that k is 
large. On the contrary, if k is small, thick ARC is needed in order to absorb the light of the 
specified quantity completely on given wavelength. For example, about 0.5 k needs the ARC 
thickness of about 1000A, in order to absorb the light of 248 nanometers (nm) completely. 
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[0008] In reduction-interference mode, the phase shift of the reflection factor produced in the 
interface on the front face of a boitom-of-ARC is carried out about the phase of the reflection 
factor produced in the interface on the front face of the up per of AR £lA reflection factor denies 
and suits by carrying out the phase shift of the reflection factor mutually mostly (reduction- 
interference). 

[0009] Custo marily, organic [ various ] a nd ino rganic ARC a re used. In or ganic ARC , it is 
Shipley as current [ ak / 2 j ana aks. The compound marketed from Company is contained. 
/ Silicon nitride, oxy-silicon nitride, hydrogenation oxy-silicon nitride, titanium nitride, amorphism 

'I silicon, silicon carSiae", and amorphous carbon are cont ained in in organic AR C. 

[0010] Organic ARC is usually vapbr-deposited by the spin-on process. Organic ARC has a 
fixed reflection factor and a color load relatively per given ARC polymer system, organic 
[ different ] - ARC has a different reflection factor, in order to decrease the reflection factor in 
ARC / resist interface - organic - especially a thing for which the reflection factor of ARC is 
fitted to the reflection factor of a resist is desired when using ARC in absorption mode. Since 
organic ARC has a comparatively fixed reflection factor, when there is thick fluctuation of the 
remarkable substrate film, it is usually used only in absorption mode. 
[0011] Standardly, the film laminating under ARC has the remarkable thick fluctuation 
originating in processing of for example, film vacuum evaporationo or chemical machinery 
polish (CMP), organic [ thick in order to control the effectiveness caused by thick fluctuation ] - 
ARC is required, organic [ thick ] - the thick resist which fully functions as an etching mask in 
the opening process of ARC as the result by use of ARC is needed. It leads to degradation of 
the depth of focus, and degradation by especially fine GR (for example, 0.25 micrometers or 
less), and a process window becomes narrow, so that a resist is thick, this fact - for example, 
the process of GR 0.25 micrometers or less - organic - charm using ARC is lessened. 
[0012] on the other hand - inorganic - ARC - organic - since it does not have a fault relevant 
to ARC, it has spread increasingly, moreover and inorganic - ARC has a certain kind of 
advantage for the low of an adjustment property and a defect, good conformal nature, the high 
etch selectivity to a resist, etc. 
[0013] 

[Problem(s) to be Solved by the Invention] Although inorganic ARC is used in any mode, it is 
used by preference in reduction-interference mode, inorganic [ which has sufficient high k to 
which this operates in absorption mode ] - it is because ARC usually has the refractive index 
which does not coincide with the refractive index of a resist. In fine GR, the stationary wave 
created by the mismatching of a refractive index brings about degradation which is not clearly 
desirable as for a pattern. 

[0014] when operating in reduction-interference mode, in order to induce reduction-elimination 
- ideal - a very uniform nontransparent-material or transparent-material top - inorganic - 
ARC is formed, transparent materials, such as silicic-acid glass, - inorganic - in the case 
where it is in the lower part of ARC, thick fluctuation of a transparent material creates the 
heterogeneity of reflection factor reinforcement. This makes use of reduction-cross protection 
difficult. 

[0015] Usually, some difficulties when offering the inorganic ARC process of having good CD 
control, by constraint to which reduction-interference mode submits a lower layer by that of a 
configuration by the big transparent material of thick fluctuation of silicic-acid glass etc. are 
created, furthermore, inorganic - in some cases, ARC pollutes the upper resist (resist 
poisoning). In order to avoid resist poisoning, cap layers, such as silicon oxide (Si02), are 
required. The mismatching of the refractive index between a resist and a cap layer creates the 
stationary wave effectiveness to a resist, and gives a bad impact to CD control. 
[0016] 

[Means for Solving the Problem] This invention relates to improved CD control in 
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RISOGURAFU. In one operative condition, amelioration of CD control in RISOGURAFU is 
attained by using a multilayer ARC laminating. A multilayer ARC laminating consists of the 1st 
[ which operates in absorption mode and reduction-interference mode ], and 2nd ARC layers, 
in one operative condition, the 1st ARC layer operates in absorption mode, the 2nd ARC layer 
operates in reduction-interference mode (the reflection factor of a resist is decreased - it will 
come), and control of an important dimension is improved. 

[0017] This invention relates to processing of a semi-conductor. Specifically, it is CD. A wide 
range RISOGU rough process window is created by it about amelioration of control. In this 
invention, amelioration of CD control is attained by offering the multilayer ARC laminating 
which combines absorption and reduction-interference mode together. 
[0018] 

[Example] Drawing 1 shows ARC which depends on one example of this invention. Like 
illustration, the ARC layer 130 is generated between the semi-conductor substrate 110 and the 
resist layer 170. A resist layer consists of the usual resist of the arbitration used for 
RISOGURAFU. This resist is either a positive type or a negative mold. 
[0019] A semi-conductor substrate consists of for example, silicon wafers. A gallium arsenide, 
germanium, insulator support silicon (SOI), the substrate of other classes, other semi- 
conductors, or a non-semiconductor material is also useful. A substrate exists in the various 
phases in a process style. For example, a substrate may be in the initial stage of a process 
style, or is processed partially, and contains a feature (not shown in drawing). A feature is used 
for formation of IC of integrated circuits (IC), such as dynamic random access memory 
(DRAM), or other classes, an electromechanical device, or a mechanical device. For an 
argument, the vocabulary "a substrate" puts the substrate which may generally exist in the 
phase of the arbitration of a process style. 

[0020] The ARC layer 130 is created on a substrate. As shown in drawing, an ARC layer 
consists of a mul tilayer ARC lamin ating. In one operative condition, a multilayer ARC 
laminating consists of the 1st ARC layer 135 and the ?nri ARP, layer 1 40 The 2nd ARC layer 
140 is formed on the 1 st ARC layer 135. The 1 st ARC layer 135 is formed on a substrate 110. 
A resist 170 is generated on the 2nd ARC layer. One of the ARC layers ope rates in abso_ o_on 
mode, and ARC of another side operates in reduction-interf erence mode^ a nd improves CD 
contfol.' In one operative condition, the 1st ARC layer operates in absorption mode, and the 
2nd ARC layer operates in reduction-interference mode. 

[0021] The refractive index of the 2nd ARC layer is chosen so that the reflection in a resist may 
be reduced. In one operative condition, a refractive index is chosen so that reflection in a resist 
may be made into min. Reduction of the reflection in a resist is attained by decreasing the 
difference of both these reflection factors on the strength, maintaining the reflection factor from 
the interface on the front face of the upper of the 2nd ARC layer, and the reflection factor from 
the interface in a following table side to the phase shifted. The reflection which approaches 
zero in a resist is obtained as the difference of the reinforcement of a reflection factor 
approaches zero. If the amplitude of a reflection factor is correctly equal to zero, the reflection 
in a resist will become zero. Reduction-cross protection can be increased or optimized by 
making the difference of the reinforcement of a reflection factor into reduction or min. 
[0022] In one operative condition, the 1st ARC layer operates in absorption mode. The 1st 
ARC layer consists of the suitable extinction of arc multiplier (k) and the thickness which 
absorb light, one operative condition - ARC - about 0.2 or more k - it consists of 1 .0 or more 
k more preferably 0.5 or more. In another operative condition, ARC consists of 1 .5 or more k. 
[0023] The thickness of the 1st ARC layer is chosen so that it may ensure that light is fully 
absorbed about given k and the given quantity of light. Generally, thickness is about 5-150nm. 
Thickness is changed for a different application with a natural thing depending on different k. 
[0024] inorganic [ to which the 1st ARC layer operates in absorption mode in one operative 
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£ondjtjonJ_- it consists of ARC. Inorganic ARC consists of Dielectricity ARC (DARC). DARC 
//consists of other anti-{ dielectric ] reflectors which operate in absorption mo de per given 
^wavelength of for example, a siljc ^oxv-nitrid e.^ahv drogenation silicon oxv-nitride "silicon 
Vcarbid e, or the source of exposure. DARC consists Of a silicon oxy-nitride in one operative 
condition, inorganic [, such as other anti-/ inorganic / reflectors which operate in absorption 
mode per given wavelength of a titanium nitride, amorphism silicon, amorphous carbon, or the 
source of exposure, ] - it is also useful to formation of the 1 st ARC layer to use ARC. 
Standardly, the inorganicjst ARC layer has high etch selectivity to a resist, and it can adjust it 
so that it may have big k. Since use of the comparatively thin 1st ARC layer is attained, this is 
advantageous. 

[0025] The 1st ARC , layer is formed on a substrate using the usual vacuum evaporationo 
approaches, such as chemical vapor deposition (CVD) or physical vapor deposition. Other 
vacuum deposition is also useful. 

[0026] The 2nd_ARC_|a^§Ll4Qjsarapor-deposited on the 1st ARC layer 135. In the operative 
condition of this invention, the 2nd ARC layer 140 operates in reduction-interference mode. 
[0027] A resist is formed on the 2nd ARC layer. The usual resisT materiafof arbitration can be 
used. A resist is formed by the usual approach. The thickness of a resist is the thickness which 
can fully function as an ARC opening process and an etching mask of substrate etching. 
Standardly, the thickness of a resist layer is about 0.2-1 0 micrometers. 
[0028] As already explained, a multilayer ARC laminating combines an absorption pro perty 
and a reduction-int erference p roperty, and decreases the reflection factor in a resist layer. 
[0029] It originates in the difference of the refractive index between the ingredients in the 
interfaces 1 32 and 1 1 6 formed of the following table side and upper front face of the 2nd ARC 
layer, and a reflection factor arises. These reflection factors pass a resist or are reflected. 
[0030] The reflection obtained by the resist has the direct relation to the difference of the 
reinforcement of a reflection factor. If the difference of the reinforcement of a reflection factor 
becomes small, small reflection will arise in a resist. The reflective permissible level in a resist 
changes depending on design radical principles and a process parameter. 
[0031] In one operative condition, the difference between the reflection factors which the 2nd 
ARC layer produces according to the interface in the upper front face and a following table side 
is decreased, and reduction of the reflection in a resist is attained. This difference decreases 
on desired level and the reflection permitted in a resist is attained. It is suitable for the 2nd 
ARC layer to make into min the difference between the reflection factors produced according 
to the interface in the upper front face and a following table side, and to make reflection in a 
resist into min. The 2nd ARC layer produces the reflection factor which has the almost same 
reinforcement so that reflection of abbreviation zero may be attained still more preferably and it 
may geU- — 

[0032^or^arj^JJojvhich AR Cj3yjLSPJE§tes_in reduction-int erference m ode in one 

operative cono i tibnT- it 'consists orA*RTH inorg^njc^ARC^one operative condition - setting - 
a dielectric - it consists of ARC (DARC). DARC consists of for example, a silicon nitride, a ~ 

silicon o xy-nitride , a hydrqgenatjoT^ or otr^rjiieJ&clfj^^ t 

ingredients. The' 2nd DAR^TFyerconsists of a silicon oxy-nitride in one operative "condition, 
inorganic [, such as a titanium nitride, amorphism silicon, amorphous carbon, or other 
inorganic acid-resisting ingredients that operatejrjxe^ - ARC can 

also be used. Formation of the 2nd ARC layer is performed by the usual approach. 
[0033] In one operative condition, inorganic [ 2nd ], the refractive index of ARC is chosen so 
that the difference between the reflection factors produced according to the interface in the 
upper front face and a following table side may be decreased, and reduction of the reflection in 
a resist is attained. The refractive index of the 2nd ARC layer is chosen so that it may be made 
to decrease to the level of a request of the difference between reflection factors, and the 
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permissible reflection in a resist is attained. It is suitable that it is chosen so that the difference 
between the reflection factors which the refractive index of the 2nd ARC layer produces 
according to the interface in the upper front face and a following table side may be made into 
min, and the reflection in a resist can become min. 
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